Introduction
Environmental pollution by toxic substances and the threat of nuclear power plant accidents of the type in Chernobyl are increasing the likelihood of human injuries from combined exposure to chemical agents and ionizing radiation. Our knowledge of mechanisms and characteristics of such injuries is fragmentary. Most reports in the literature have been of in vitro studies, and the biological effects examined have largely pertained to the topics of carcinogenesis, mutagenesis, teratogenesis, and cellkilling rates (1) (2) (3) . Other studies have modeled combined injury to tissues as observed in management of malignant disease with cytostatics and high-level doses of ionizing radiation (4) (5) (6) (7) .
Cadmium compounds in general, and cadmium acetate in particular, are highly toxic environmental pollutants. In some areas of Eastern Europe, their levels in the environment are rather high. Acute inhalation exposure to cadmium compounds has been experimentally shown to elicit a lung response proceeding in two phases, with early acute inflammation followed by development of pulmonary ' fibrosis or emphysema in the regeneration period (8) (9) (10) (11) (12) (13) ).
In the work described here, selected biological effects were studied in the lungs of rats treated with a combination of cadmium acetate and ionizing radiation. It was the objective of the experiment to assess lung response by measuring sensitive markers in bronchoalveolar lavage fluid (BALF) and, applying the method of Rothman (14) , to identify the type of the resulting effects.
Materials and Methods
Experimental Animals. A total of120 male Wistar rats, 4 months old and weighing on average 200 + 20 g at the beginning of experiments were used. They were distributed into four treatment groups: group 1, controls; group 2, 4 Gy radiation; group 3, cadmium acetate; and group 4, radiation and cadmium acetate.
Cadmium Acetate. A single intratracheal dose of 0.2 mL cadmium acetate in physiologic saline was administered at 0.5 mg/kg body weight. Control Reagents. The reagents used in biochemical and cytologic investigations were purchased from Fluka Chemie AG, Switzerland.
Results
Animal mortality to day 15 after sole exposures amounted to 8% with 4 Gy radiation and 21% with cadmium acetate. In the case of combined treatment with both agents (group 4), mortality attained 60.7% (synergistic effect).
The experimental data on lung weight coefficient and BALF cytology are summarized in Table 1 . The lungweight coefficient was increased at the three time points studied for cadmium alone as well as for cadmium combined with radiation. The increase by combined treatment (group 4) was of synergistic nature.
Percentages of AM, lymphocytes, and PMN were not significantly different from controls after exposure to radiation alone. Cadmium acetate, either alone or combined with radiation, reduced the percentage of AM and of lymphocytes and caused a sharp increase in the percentage of PMN on day 1 after treatment. By day 15, these changes were found to be less marked.
The experimental data for BALF biochemistry are shown in Table 2 . LDH activity in BALF remained unaffected by radiation alone. Cadmium acetate alone or combined with radiation produced an elevation of LDH activity at the three time points studied. The group exposed to both agents combined showed a synergistic interaction (Fig. 1) .
AlP activity in BALF was elevated on day 15 after sole radiation exposure and on days 1, 5, and 15 after sole cadmium acetate intake. Both agents combined produced synergistic elevations of AlP activity on days 1 and 5 ( Fig.  2) . AP activity in BALF was elevated on day 15 after 4 Gy irradiation and on days 1 and 15 after cadmium acetate given alone. Both agents combined caused elevations of enzyme activity on days 1, 5, and 15. At the first two time points, the increases were indicative of synergistic interaction (Fig. 3) .
BALF protein contents were increased on days 1 and 5 for animals receiving cadmium acetate alone as well as those treated with both agents combined. Changes in the combination treatment group (group 4) on days 1 and 5 were synergistic in nature (Fig. 4) . (17) (18) (19) (20) (21) (22) (23) ]. In the light of this information, the cadmium acetate dose used in our experiment apparently caused toxic damage to lung cells secreting the enzymes studied into broncoalveolar spaces and increased the permeability of capillary-alveolar membranes. Increases in PMN counts and in the lung-weight coefficient were evidence of an acute inflammatory process developing promptly on administration of cadmium acetate. This was the first phase of toxic lung response to cadmium, which proceeds with massive edema, disruption of alveolar surfaces, and PMN infiltration (8) (9) (10) 12) . With 4 Gy y irradiation alone, no substantial changes were noted in the parameters investigated. It was not until day 15 that AlP and AP activities were seen to rise. This is the time when radiation-damaged tissues regenerate, and elevation in the levels of the two enzyme markers probably reflects intensification of metabolic processes in the lungs (24, 25) .
Treatment with cadmium acetate and radiation combined resulted in changes that were more pronounced than in the case of either agent given alone. In group 4 (combination treatment), LDH activity rose over the control level by 331% on day 1, 243% on day 5, and 221% on day 15. The elevation significantly exceeded that seen with isolated treatments and, estimated by the method of Rothman (14) , was indicative of synergistic interaction. On days 1 and 5, synergistic increases were also observed for the remainder of biochemical markers (AlP, AP, and protein).
Additional support for severe lung damage came from more marked increases in the lung-weight coefficient on Our experimental findings are in agreement with studies by others on combined lung lesions from exposure to chemical agents and radiation. In 1980, Haschek et al. (26) showed that external irradiation with 2 or 4 Gy X-rays potentiated lung collagen deposition due to butylated hydroxytoluene. Enhancement ofpneumotoxicity has been reported for simultaneous treatment with some cytostatics (cyclophosphamide, bleomycin, etc.) and ionizing radiation (4) (5) (6) (7) .
This work was not aimed at disclosing mechanisms underlying synergistic lung damage, and these mechanisms remain unclear. Possibly, combined treatment increases the severity of damage to the organ by intensifying lipid peroxidation in lung parenchyma. This is suggested by the fact that both agents are known to generate active oxygen species, an effect that would be expected to be enhanced in the case of combined treatment (27) (28) (29) In conclusion, it may be stated that external whole-body 4 Gy irradiation was observed to potentiate a number of toxic cadmium acetate effects in the lungs. The BALF biochemical markers, LDH, AlP, AP, and protein, appear to be reliable indicators for identifying the type of lung response to chemical agents and radiation combined and can serve as valuable tools in exploring this area of environmental medicine.
